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Abstract 
People living at the Waterfront City in general are defficient in the individual as well as collective awareness of their existence in 
the coastal area. This is particularly demonstrated in the result of this study which proves that the greatest source of waste 
pollutants are generated by household wastes. Smart City is an ideal urban model created by the increasing awareness of urban 
population on the sustainability of their existence in the coastal area. This paper is prepared through a study of the pollution load 
in the coastal area as well as modelling of dynamics in water area as the source of information and data to enhance public 
awareness on the water pollution due to their activities in the inland region. These activities subsequently give a direct impact on 
the sustainability of life in their coastal area. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CITIES 2015. 
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1. Introduction 
Indonesia has 150 cities which are situated in coastal areas. The number is increasing due to the trend of 
urbanization rate in the urban region. Hence, the human population living in coastal areas will consequently increase. 
Coastal cities often times are perceived as the embodiment of cities which provide various economic opportunities, 
*
Corresponding author. Tel.: +62-81310453717  
   E-mail address: adipatirahmat@gmail.com
 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of CITIES 2015
771 Adipati Rahmat et al. /  Procedia - Social and Behavioral Sciences  227 ( 2016 )  770 – 777 
ease of access, and the marvel of urban landscapes. We often forget that coastal cities are also part of the coastal 
region, in which the sea is the final frontier of water body which has to sustain all the pollution loads of inland 
regions. 
The advancement of information technology during the last decades have driven the implementation of smart 
technology on the everyday life of urban population. Access toward information and data are accessible around the 
clock. This accessibility includes all the information and data which may present the impact of urban population 
activities toward their own environments. If only the urban population are aware on their own impacts toward the 
environment and their own future and their own cities, the negative impacts on the environment will certainly be 
reduced. 
This study attempts to correlate the analysis of pollution load from the inland region toward the marine region, 
which will then generate data of pollution dispersion in the coastal areas. These data should be accessible on a real 
time basis by the public hence they will be able to identify the impact of their activities toward the environment, and 
gradually understand the environmental characteristics of the cities they live in. 
2. Methods
This research will present the evidence that waste products originating from river estuary have spread across the 
sea shores. The evidence should serve as an information which are easily accessible by the entire urban population, 
including its own Local Government. Therefore, this technological application should not only facilitate the daily 
activities, but also serves as the “beacons” of the urban population behaviors. 
In order to obtain such evidence, the authors will initially calculate the pollution level of various types of waste 
products presumably transported to sea water through the river estuary. The authors will then use the Surface 
Modelling System 10 software to model the pattern of water current as well as models of pollutant load dispersion 
model assimilated in the coastal areas. The modelling results will serve as the data and information for the 
population of waterfront cities to control their everyday behaviors toward the environment. 
The calculation of pollution load of inland region will be performed by using a method of calculating estimated 
pollution load for each waste product resulted from human activities, such as household wastes, solid wastes (litters), 
industrial liquid wastes, agricultural wastes, livestock breeding wastes, and aquaculture wastes (coastal ponds). 
Meanwhile, in order to identify the status of pollution for each parameter of water quality, the authors will collect 
samples from sea water, for further testing in the laboratory. The results will then be integrated into the modelling of 
sea currents and streamflow for further identification of pollution distribution from the inland region to the coastal 
region. 
This research will only present distribution data of pollution load to the water during the time of sample 
collection, therefore this research will not illustrate the water quality and pollution level of sea water throughout the 
year. However, it is possible to implement such activities provided that it is supported with further research by 
sample collection during measurable time periods with a wider spread throughout the years on the same sampling 
location. 
This research took place in the City of Surabaya. The Metropolitan City with a total population of 2,925,474 in 
2015 (Office of Population Affairs and Civil Registration, 2015) was selected as one of the City with remarkable 
industrial activities in Indonesia. 
Smart City is used as a concept to discuss such evidence as Smart City is a concept where innovative thoughts 
primarily information technology, implemented in the design and improvement of Administrative governance 
system in conjuction with the improvements of life quality in urban region (Kumar, Vinad, 2015). 
3. Results And Discussions 
3.1. Calculation of Pollution Load of Inland Region to the Territorial Water of Surabaya 
According to Cecep Kusmana (2010), there are 6 (six) sources of pollution detectable as major contributors to 
water quality deterioration, specifically pollutants produced by household wastes, solid wastes (litters), agricultural 
wastes, industrial liquid wastes, livestock breeding wastes, and aquacultural wastes (coastal ponds). These six 
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sources of pollutants contribute with different types and loads of pollutant. However, considering limitations of this 
study, out of the key parameters NPK (Natrium, Phosphorus, and Potassium), only Nitrogen is used as the control 
parameter. The use of Nitrogen as the control parameter is considered fair enough as Nitrogen is one of the major 
component of organic material pollutant, found in in six types of pollutant sources, while on the other hand 
Phosporus and Potassium are not found on all of these pollutants. Therefore, it is assumed that the greater the level 
of nitrogen calculated, the greater the contribution of this pollution source in comparison to other sources of 
pollutions. 
The Prediction of Total Nitrogen (TN) originated by anthropogenic activities in the inland region around the 
coastal water of the City of Surabaya referring to the method developed by Land Ocean Interaction in the Coastal 
Zone (LOICZ) Project (R. Kerry Turner, W. Neil Adger and Irene Lorenzoni. 2008.). The desired objective in this 
analysis is to idenfity the level of potential waste in the form of Nitrogen compound introduced into the water of 
coastal region of the City of Surabaya through the river based on the source of such waste products. The calculation 
of Total Nitrogen (TN) through the river flow originating from waste disposal of various human activities are the 
multiplication results between the activity level and waste coefficient, with the results presented in the following 
table. 
Table 1. Prediction of Total Nitrogen originating from the coastal region of the City of Surabaya
Nitrogen Waste 
(Ton/Year) 
Housing Agriculture Industry Hotels and Restaurant Farm Aquaculture Total 
Sample Site 1 193.68 1.75 1,531.11 11.71 3.76 41.87 1,783.87 
Sample Site 2 814.30 - 206.47 38.12 3.03 29.09 1,091.01 
Sample Site 3 624.76 0.62 358.11 24.13 27.06 129.13 1,163.82 
Sample Site 4 580.59 0.75 106.01 27.24 11.03 129.13 854.76 
Rank 2,213.34 (1) 3.12 (6) 2,201.70 (2) 101.20 (4) 44.88 (5) 329.22 (3)  
Based on the calculation result of Total Nitrogen presented in the table above, it is known that the primary 
sources of Nitrogen pollution are household wastes and industrial wastes. However, in order to find out whether the 
waste load in the territorial water of the City of Surabaya has exceeded the threshold of quality standard 
predetermined by the Ministry of Environment and Forestry, an analysis method of laboratory test has been devised 
against the water samples collected in 24 sampling points along the river in the City of Surabaya. Laboratory test 
actually has been performed to all physicals, chemicals, and biological parameters. However, this paper will only 
present the results of laboratory test on several key parameter samples, such as DO, BOD, Nitrate, Phosphorus, and 
Copper. The results of laboratory test against the samples of water quality in the coastal region of the City of 
Surabaya may be examined through the illustration of the following table. 
Table 2. Results of Laboratory Test Parameters of DO, BOD, Phosphorus, Nitrate, and Copper 
No X Coordinate Y Coordinate Station Names DO BOD Nitrate Phosphorus Cu 
1 112.681438 -7.219465 Estuary of Kali Branjangan 1.20 4.03 3.3556 1.4232 0.0106 
2 112.674892 -7.215551 Estuary of Kali Manukan 6.42 2.68 0.1138 0.2986 0.0106 
3 112.690426 -7.216429 Estuary of Kali Greges 1.20 3.16 0.1698 4.9853 0.0154 
4 112.702935 -7.218773 Estuary of Kali Anak 24.50 3.31 0.4596 2.1533 0.0126 
5 112.709081 -7.218112 Busem Moro Kembangan 21.70 3.17 0.3504 2.5215 0.0126 
6 112.711660 -7.199366 Nilam Wharf 14.80 4.00 0.0684 0.1161 0.0090 
7 112.706419 -7.210522 Lamong I Bay 14.50 2.79 0.0742 0.1754 0.0218 
8 112.700439 -7.200212 Lamong II Bay 15.40 2.80 0.0604 0.1361 0.0100 
9 112.690682 -7.197171 Lamong III Bay 18.33 2.80 0.0860 0.1564 0.0100 
10 112.683132 -7.189974 Lamong IV Bay 17.34 2.80 0.0720 0.1283 0.0080 
11 112.677136 -7.195853 Estuary of Kali Lamong 10.57 3.10 0.0960 0.1650 0.0080 
12 112.667384 -7.206216 Estuary of Sungai Sememi 18.50 3.71 0.1717 0.2664 0.0106 
13 112.848576 -7.329143 Estuary of Gunung 9.60 3.03 0.0224 0.3255 0.0163 
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No X Coordinate Y Coordinate Station Names DO BOD Nitrate Phosphorus Cu 
Anyar/UPN 
14 112.857447 -7.318185 Sea of Gunung Anyar 13.00 3.28 0.0156 0.2240 0.0179 
15 112.852222 -7.302222 Sea of Wonorejo 9.00 2.43 0.0506 0.0860 0.0315 
16 112.852692 -7.289943 Estuary of Wonorejo 11.50 2.91 0.4919 0.0951 0.0130 
17 112.854674 -7.274074 Sea of Keputih 26.50 2.66 0.0271 0.0962 0.0334 
18 112.818323 -7.238566 Kenjeran I, Bulak Subdistrict 16.00 5.46 0.0233 0.2197 0.0285 
19 112.796262 -7.227742 
Kenjeran II Kenjeran 
Subdistrict 
13.10 4.64 0.0267 2.7031 0.0630 
20 112.789277 -7.209777 Tambak Wedi Pier 12.50 4.45 0.0656 0.2470 0.0304 
21 112.773195 -7.192112 Bandurejo Beach 4.90 4.01 0.0319 0.2958 0.0272 
22 112.749239 -7.192055 Estuary of Kalimas 7.60 4.49 0.1946 0.2168 0.0320 
The results of laboratory test above are then presented side by side with standard scores of environmental quality 
standard as predetermined by the Decree of the Minister of Environment No. 51 of 2004 regarding Sea Water 
Standard Quality on Marine Biota, hence parameters which are below standard will then be identified. By 
performing an overlay against the 22 sampling stations being observed using Geographical Information System 
(GIS) approach, we will obtain the dispersion map of waste product loads for water quality parameters being 
observed in the following map illustration. 
Figure 1. Parameter Map of Water Quality Which Are Below Quality Standard Scores as Predetermined by the Decree of Minister of 
Environment (KepMen LH No. 51 of 2004) 
774   Adipati Rahmat et al. /  Procedia - Social and Behavioral Sciences  227 ( 2016 )  770 – 777 
Based on the illustration above the dispersion of physical, chemical, and biological parameters are apparent. 
Physical parameters which do not meet the standard include the levels of clarity, turbidity, and suspended solid. 
Chemical parameters which do not meet the standard re pH, Ammonia, Phosphate, Nitrate, Phenol, and Detergents. 
Biological parameter which does not meet standard is Coliform. Meanwhile heavy metal parameters which do not 
meet the standard are Copper and Nickel. 
The above tables and illustration may serve as the source of information for the public and Local Government in 
conjunction with the magnitude of waste products produced annually and also the sources of pollution which 
contribute the greatest waste products to the territorial water of the City of Surabaya. By releasing such tables online, 
public may control their activities and Local Government may closely watch activities which generate the greatest 
pollution to the territorial water of the City of Surabaya. 
3.2. Distribution Model of Pollution in the Water of Surabaya Bay 
As of this phase, the authors have seen quite a number of reviews conducted by researchers, Research Group, as 
well as official report published by the Government through the Municipality Office of Environment of the City of 
Surabaya in the form of Environmental Status of the City of Surabaya. However, the inclusion of water quality 
scores, pollution level, as well as their distribution in those reviews have not driven the public in general to give 
special attention or shown their understanding on the importance of such data and information for their everyday 
activities as well as the future of their City. 
One of the cause is the paradigm of the public of the City of Surabaya which are mostly inland paradigms. These 
inland paradigms have led them to defficiencies in attention and understanding on the impact of their everyday waste 
which they dispose toward their environments, especially to the marine ecosystem. Whereas by performing a series 
of further analysis of such existing data and information as well as those resulting from this research, the level of 
waste products load which the people of the City of Surabaya disposed to the sea will be identifiable. Moreover, the 
destructive impacts of these paradigms toward the environmental quality of coastal regions in the City of Surabaya. 
The very coastal region where they live, they engage in different activities, catch the fish, farm the fish or other 
aquatic organism, cultivating their farms, and so forth. 
The analysis specified is the modelling analysis of dispersion pattern of waste load from the estuary of Kali 
Lamong and Tanjung Perak to the territorial water of the City of Surabaya. In predicting the dispersion pattern of 
pollution load dispersed in the Lamong Bay and Tanjung Perak, we initially review the oceanographic aspects such 
as currents, streamflow, and tidal currents which will affect the dispersion pattern of such pollutant wastes (Pond and 
Pickard, 1983). The roles of the currents in this case are vital as they will transport the mass of the water along with 
the particle contents from one place to another with certain patterns which may be simulated. One of the method of 
simulating the pollutant wastes dispersion pattern is by using a model in the form of hydrodynamics equation as well 
as advection-diffusion equation (Liebes, 1992). 
The making of current pattern model in the water of Lamong Bay and Tanjung Perak use the Surface Water 
Modelling System (SMS) program which is essentially a software with the ability to perform as the initial and final 
processors of water surface modelling. The dispersion model of dissolved inorganic nitrogen nutrients in the waters 
of Lamong Bay and Tanjung Perak of the City of Surabaya is performed through a numerical approach that is a 
finite difference method. The making of this model also performed by including the wind factor on the observation 
zone. The model simulation of nitrogen dispersion is performed from the first hour up to the 360th hour (15 days). 
The expected result is an illustration which will closely resemble the field conditions, assuming that the 
concentration from the point source is constant. The model zone covers station 1 up to station 24 which are situated 
in Lamong Bay and Tanjung perak which lead to the coastal region of the City of Surabaya. 
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Figure 2. Simulation model of nitrogen dispersion in Lamongan Gulf 
Figure 2. Simulation model of nitrogen dispersion in Lamong Bay 
Figure 3. Simulation model of nitrogen dispersion in Tanjung Perak 
Figure 2 and Figure 3 above demonstrate the dispersion of Nitrogen waste load originating from Lamong Bay as 
well as Tanjung Perak. The simulation of first hour to the 360th hour estimates that the Nitrogen waste disperse from 
the estuary of Kali Lamong and Tanjung Perak to the water in Lamong Bay and Tanjung Perak. However the 
direction of these waste loads are also dispersed to the coastal region of the City of Surabaya, the place where the 
population of the City of Surabaya live, engage in various activities, catch the fish, farm the aquatic organism, 
cultivate the land, and so forth. Therefore the waste loads of the parameters which do not meet the quality standards, 
especially heavy metal contaminants, which may directly affect the people inhabiting the coastal region of the City 
of Surabaya. 
776   Adipati Rahmat et al. /  Procedia - Social and Behavioral Sciences  227 ( 2016 )  770 – 777 
3.3. Building public awareness through the roles of Smart City technology 
As a matter of fact, what is a smart city? Rudy Tambunan and Widiawati (2015) think that a smart city is not a 
form of city simply constructed from nothing or transform an existing city to another smart form simply by 
introducing a number of technology. However, smart city is a form of evolution of the principle of sustainabe 
development which have taken place for a long time to develop into a healthier, more natural, more civilized city. 
Similar to what is presented by C.J. Lim and Ed Liu (2010) that Smart City is a dream concept. 
Smart City is a place where information technology is used to plan the solution for both old and new issues. 
However, the difference is that smart city may adapt toward the issues rapidly, by supplying data to the software 
which is capable to see the bigger picture, and take the necessary actions (Townsend, Anthony, 1973). Smart city 
may put the technology to use to perform various actions with less efforts. 
Calculation results against the Total Nitrogen suggest that the waste load of the households and industry are 
remarkably high (exceed two thousand tons annually). The results of laboratory test against the samples of water 
quality also indicate that there are a number of parameters which exceed the quality standard scores of liquid waste 
as predetermined by the Decree of the Minister of Environment in KepMen LH No. 51 of 2004. Such liquid waste 
load based on the results of waste dispersion modelling from the estuary of Kali Lamong and Tanjung Perak as a 
matter of fact are not completely dispersed in the sea water or transported to the high seas, but instead some of them 
are in fact washed ashore to the coastal region of the City of Surabaya. Hence, essentially part of the pollutant waste 
disposed by the people of Surabaya are in fact drifted back to the coastal regions of the City of Surabaya and 
deteriorate the environmental quality of the City of Surabaya itself. 
The above data and information are new things which should be promoted by the Local Administratives to 
enhance the awareness of the urban community and also how their everyday activity may affect the environment of 
the City of Surabaya directly and measurably. The new aspects now need considerations to rethink on the format of 
smart city (Sanseverino, Riva Eleonora, et al. 2014). 
In today’s information technological era, urban population should be treated more than just a part of a city 
planning, but should ideally serve as the mastermind of the smart city itself. People have the capabilities to shape up 
the future of their smart city. This desire may be embodied by using applications, computer modelling, data, and 
design to create the connection between the communithy and the reality in the field. The Local Administrative may 
also put the smart city applications to use to rethink and rebuild a more open, more transparent, more democratic, 
and more responsive governance. The Government may use smart city applications to establish communication with 
the people, convey the environmental control policies, and share information on a real-time basis. 
Hollands questions, when the true smart city will come true? There are many cities which claim themselves as 
smart cities. However, they do not elaborate what and how it means, or present the evidence to support such claims. 
They do not also present the meaning of being smart and the importance of a city to achieve such phase. 
4. SUMMARY 
This study presents the results that based on the calculation of Total Nitrogen, the residential areas and industry 
are the greatest source of pollution with 2,213.34 and 2,201.70 tons annually. Based on the laboratory test agains the 
samples of water quality collected from 24 sampling points, it is known that there are a number of parameters which 
do not meet the standard quality scores of liquid wastes as predetermined in the Ministry of Environment Decree 
PerMen LH No. 51 of 2004. Physical parameters which do not meet the standard are clarity, turbidity, and 
suspended solid. Chemical parameters which do not meet the standard are pH, Ammonia, Phosphate, Nitrate, 
Phenol, and Detergents. Biological parameter which does not meet the standard is Coliform. Meanwhile Heavy 
Metal parameters which do not meet the standard are Copper and Nickel. Furthermore, by analyzing the dispersion 
of pollutant load in the water of Lamong Bay and Tanjung Perak, it is known that the dispersion of Nitrogen liquid 
waste load have in fact drifted back to the coastal region of the City of Surabaya. As the simulation suggests that the 
pollution load disposed and transported to the territorial water of the City of Surabaya are not completely assimilated 
in the sea, and in fact they are accumulated in the coastal region. These conditions are feared to potentially endanger 
the health of the people of the City of Surabaya in the long term. 
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